The number of bacteria in surface waters reflects the current state of waters and their trophicity, and it is the first parameter that is affected by the anthropogenic contamination. Traditionally, quantification of bacteria in waters is performed using the cultivation methods. However, all these methods detect only cultivable bacteria; the results depend on the incubation conditions, and the results are obtained after several days. These deficiencies are solved by using direct methods.
INTRODUCTION
Bacterioplankton abundance is an indicator of trophic status of surface waters, because it is primarily responsible for turnover of nutrients and decomposition of organic matter in waters (F i s h e r et al., 2000) . The number of bacteria is limited by the quantity and quality of matter that enters the water, and many biotic and abiotic factors. The number of bacteria in surface waters reflects the current state of waters and their trophicity, and is also usually the first parameter that is affected by the anthropogenic contamination (K a l w a s i ń s k a and D o n d e r s k i , 2003).
Traditionally, quantification of bacteria in waters is performed by cultivation methods with different media and incubation conditions. It was shown that prolonged incubation on low-nutrient media is more suitable cultivation method for determining the bacterial count in aquatic environments as compared to high-nutrient media and shorter incubation period (Ć i r i ć , 2003; Ć i r i ć , 2009; Ć i r i ć and P e t r o v i ć , 2009). However, all cultivation methods have the same basic shortcomings: (a) only cultivable bacteria are detected; (b) results mainly depend on cultivation conditions (temperature, medium, duration of incubation); (c) results are obtained after 24 hours to over a week.
These deficiencies are overcome by direct methods of quantification of bacteria. The methods are based on the staining of water samples, their filtration through black polycarbonate filters with pore diameter of 0.2 μm, and enumeration of bacteria on filters using epifluorescence microscope. For the staining of water samples, two dyes are commonly used: acridine orange and DAPI. The main objection to application of these dyes concerning the inability to distinguish live from dead cells on filters, so the total number including dead and inactive cells is obtained. However, it is believed that the dead cells rapidly degrade, so their presence on the filters is irrelevant (M a i e r et al. , 2002) . Newer dyes, designed to distinguish live from dead cells (such as LIVE/DEAD® Bac Light TM ), show no difference in the total number of bacteria compared to acridine orange, but compared to DAPI they show a greater number of bacteria (B o u l o s et al., 1999) .
The direct bacterial count can be determined using a scanning electron microscope after the filtration of water samples. It is a very powerful technique but quite expensive and long lasting (C a r o n , 1983) ; what is more important, the results obtained are not significantly different compared to epifluorescence microscopy (B o w d e n , 1977) .
The aim of this study was to examine the bacteriological status of water in the reservoir of Ćelije, near the town of Kruševac, Serbia, and its tributaries, using cultivation methods and, for the first time, a direct method, and to analyze statistically the differences between these methods. In addition, the goal was to categorize the tested waters, and thus determine any differences between the applied methods.
MATERIALS AND METHODS
During one-year study, the sampling of water in the reservoir of Ćelije and its major tributaries, the river of Blatašnica and the river of Rasina was carried out. The total of 283 samples from the reservoir and 60 samples from the rivers were taken. Samples were taken at different seasons, and from the reservoir at different depths. Sampling points are shown in Figure 1 . The river Blatašnica was sampled at one point before inflowing into the river Rasina (S1). The river Rasina was sampled before (S2) and after (S3) of the river Blatašnica inflow, just before the entrance into the reservoir Ćelije. The water of reservoir Ćelije was sampled in all three basins. Basin Zlatari was sampled at two points (S4 and S5); the basin Vasići was sampled at one representative point (S6), and the basin Vodozahvat (Catchment) was sampled at two points (S7 and S8).
In each water sample, the bacterial count was determined using cultivation and direct methods.
Cultivation method
The samples were inoculated by pour plate technique on high-nutrient Plate Count Agar (PCA) and on low-nutrient Reasoner's 2 Agar (R2A). Each sample was inoculated in three dilutions: 10 -1 , 10 -2 and 10 -3 , and each dilution was inoculated in triplicates for both media. The amount of inoculum was 1 ml. Inoculated plates were incubated at room temperature (20 о C to 22 о C). Bacteria were counted after 7 days, using the colony counter BZG-30 (Windaus), through the magnifying glass with a magnification of 2 times the actual size. Counting of bacteria was performed on plates inoculated with the lowest dilution that could be read, and the obtained number was computed to 1 ml of a sample.
Direct method
Direct bacterial count was determined by means of epifluorescence microscope after staining of samples with acridine orange. After sampling, the samples were diluted by adding of 1 ml of sample into a test tube containing 9 ml of solution for dilution. Solution for dilution was made as a mixture of 500 ml of distilled water and 25 ml of 50% glutaraldehyde, sterilized by membrane filtration and stored at 4 о C (K e p n e r and P r a t t, 1994). Diluted samples were fixed with buffered glutaraldehyde of final concentration of 1% by adding 9 ml of diluted sample into a test tube containing 1 ml of cold fixative.
Staining of samples was performed with buffered solution of acridine orange, final concentration of 100 μm/ml. Two milliliters of diluted and fixed sample was mixed with equal volume of dye. After three minutes of dying two milliliters of stained sample was filtered through the membrane filter ISOPORE TM (Millipore Corp.), black, with diameter of 13 mm and pore diameter of 0.2 μm. As a support, the nitrocellulose filter Sartorius, white, with diameter of 13 mm and pore diameter of 0.45 μm, was used. For the filtration, Millipore steel device, with a filtration sieve 13 mm in diameter, and sterile plastic syringes, disposable, 5 ml of volume were used.
After the filtration of samples, filters were rinsed with a small amount of distilled water, previously sterilized by membrane filtration.
Counting of bacteria was performed under the epifluorescence microscope Olympus BX51, with the total magnification of 1,000x. Immersion oil with low fluorescence, produced by ROTH (Germany), was used. Bacteria were counted from ten fields of each filter, and the average number was taken as the average number of bacteria per field. The total number of bacteria in 1 ml of water sample was calculated by the formula:
where: T = total bacterial count per milliliter; N = average number of bacteria per field; A = area of filtering field (78.54 mm 2 ); a = area of the vision field (0.031416 mm 2 ); V = volume of filtered sample (0.09 ml). Based on the results the percentage of number of bacteria obtained by cultivation method in the total bacterial count obtained by direct method was calculated. The TBC/AMB index was also determined. This index is the ratio of the total bacterial count (TBC) obtained by direct method, and the number of aerobic mesophilic bacteria (AMB) obtained by cultivation method (P e t r o v i ć et al., 1998). Based on this index, the categorization of tested waters was performed according to the Table 1 . The investigated waters were also classified based on the direct bacterial count according to A m b r a z e n e (1976) and based on the count of aerobic mesophilic bacteria according to 
Statistical analyses
The significance of difference in the count of bacteria between different methods of quantification was tested by the statistical method of analysis of variance.
The correlation between the results obtained by the applied methods was determined by the correlation analysis.
Both statistical analyses were carried out using the software STATIS-TICA v. 8.0, StatSoft, Inc.
RESULTS AND DISCUSSION
The average count of bacteria obtained by cultivation method is represented in Graph 1. The highest number of bacteria was recorded in the river Blatašnica on R2A medium (56,535 CFU/ml). In all samples, more bacteria was recorded on R2A medium compared to the PCA medium. The lowest number of bacteria was noted in the basin Vodozahvat (Catchment) on PCA medium (1,364 CFU/ml and 1,659 CFU/ml).
CFU -colony forming units
Graph 1. -Average number of aerobic mesophilic bacteria obtained using cultivation methods The average count of bacteria obtained by direct method in investigated waters is represented in Graph 2. The highest number of bacteria was recorded in the river Blatašnica (20,694,445 bacteria/ml). The bacterial count was gradually reduced over the river Rasina and the reservoir Ćelije going downstream to the basin Vodozahvat, which had the lowest value (2,340,909 bacteria/ml and 1,492,424 bacteria/ml).
Analysis of variance showed that the significantly highest number of bacteria at all sampling points was recorded using the direct method (Table 2 ). In the cultivation method, the significantly highest number of bacteria in all samples was noted on R2A medium compared to the PCA medium ( Table 2) .
The results of direct quantification of bacteria were positively correlated with those obtained by cultivation methods, with the higher coefficient of correlation recorded with R2A (Graphs 3 and 4). The results from two media gave the different categorization of waters according to Kohl (Table 3 ). Based on the results from R2A, waters belong to the class of waters of poorer quality compared to the results from the PCA, especially in the more polluted waters (rivers and the basin Zlatari).
Based on the categorization of waters according to Ambrazene, the water of the reservoir Ćelije belonged to moderately polluted waters (Table 3) . Similar results were obtained by M i l o š e v i ć (1999) (cited by Ć u r č i ć , 2003), when based on the total bacterial count the water of Reservoir Grošnica (Serbia) was classified into the category of slightly to moderately polluted waters.
Percentage of aerobic mesophilic bacteria in the total bacterial count in the investigated waters is shown in Graph 5. The highest percentage of aerobic mesophiles in the total count was recorded applying the aerobic mesophile counts obtained on R2A agar (0.32%) in Vodozahvat basin. The lowest percentage of aerobic mesophile was noted applying the results obtained on PCA agar, in the basin Zlatari (0.03%). These results are in accordance with already published for different reservoirs. Thus, Ć u r č i ć (2003) found that the percentage of heterotrophs in the total count ranged from 0.02 to 1.99% in the reservoir of Gruža, Serbia. Č o m i ć (1989) found that the percentage of heterotrophs ranged from 0.02 to 2.23% for the same reservoir. G a j i n et al.
(1991) (cited by Ć u r č i ć , 2003) noted that the percentage of heterotrophs in the total bacterioplankton was below 1% for the Reservoir of Borkovac, Serbia.
Graph 6 presents the TBC/AMB index value for the tested waters. The highest value of this index was determined in Zlatari basin when the result obtained on PCA (3,795) was taken as AMB. The lowest index value was noted in Vodozahvat basin when the result obtained on R2A (316) was taken as AMB.
It can be seen that TBC/AMB index classified the same water in different categories depending on which the cultivation method was used. Thus, the ratio of total bacterial count and the count of aerobic mesophilic bacteria obtained on PCA placed most of the tested waters into the category of pure waters, while the application of the count of aerobic mesophiles obtained on R2A categorized waters as moderately polluted (Table 3) .
CONCLUSION
The highest number of bacteria in all samples of tested waters was found using the direct quantification and the lowest by inoculation of samples on high-nutrient PCA medium.
When PCA medium was used, the categorization of waters showed unreal results with the majority of waters categorized as pure waters. The use of R2A medium produced more probable results that were more similar to the categorization obtained by direct bacterial count.
Based on the results it can be concluded that in order to determine the bacteriological state of surface waters the most appropriate method is a direct method if conditions permit. Otherwise, as in the routine monitoring, real results can be obtained using cultivation method that include inoculation of water samples on some low-nutrient medium, such as R2A.
